Graphene nanostructures have attracted great attention recently due to their unique and intriguing electric and transport properties. Giant magneto-resistance [1] and quantum Hall effects [2, 3] are examples that demonstrate fascinating features emerging from 2D electrons with linear energy dispersions in graphene. Particularly, graphene's large carrier mobility is very promising for high-speed electronic devices. Here we study the electronic and magnetic properties of alkali and alkaline-earth metal doped graphene nanoribbons (GNRs) using the pseudopotential density functional method. Strong sitedependence is observed in metal adsorption on GNRs, and the adsorbed metal atoms are found to spontaneously form atomic chains on a particular form of GNRs. Such doped GNRs exhibit intriguing magnetic properties such as hysteresis and spin-compensation as metal atoms switch from one edge to another at alternating gate voltages. Our study shows that the metal atoms can be used as reagents that can identify the edge atomic structures of GNRs and also as gate-driven spin valves that control the spin current in GNRs. Difference between epitaxial graphene on SiC and free standing GNR is also discussed with respect to metal adsorption.
